We used high-resolution spectra acquired with the multifiber facility FLAMES at the Very Large Telescope of the European Southern Observatory to investigate the chemical and kinematical properties of a sample of 22 Blue Straggler Stars (BSSs) and 26 red giant branch stars in the nearby globular cluster NGC 6752. We measured radial and rotational velocities and Fe, O and C abundances. According to radial velocities, metallicity and proper motions we identified 18 BSSs as likely cluster members. We found that all the BSSs rotate slowly (less than 40 km s −1 ), similar to the findings in 47 Tucanae, NGC 6397 and M30. The Fe abundance analysis reveals the presence of 3 BSSs affected by radiative levitation (showing [Fe/H] significantly higher than that measured in "normal" cluster stars), confirming that element transport mechanisms occur in the photosphere of BSSs hotter than ≃8000 K. Finally, BSS C and O abundances are consistent with those measured in dwarf stars. No C and O depletion ascribable to mass transfer processes has been found on the atmospheres of the studied BSSs (at odds with previous results for 47 Tucanae and M30), suggesting the collisional origin for BSSs in NGC 6752 or that the CO-depletion is a transient phenomenon.
Introduction
Galactic globular clusters (GCs) are dynamically active stellar systems where interactions and collisions, especially involving binaries, are quite frequent (Hut et al. 1992; Meylan & Heggie 1997) . These interactions likely generate exotic objects like X-ray binaries, millisecond pulsars and Blue Straggler stars (BSSs; see Paresce et al. 1992; Bailyn 1995; Bellazzini et al. 1995; Ferraro et al. 1995 Ferraro et al. , 2009 Ransom et al. 2005; Pooley & Hut 2006) . BSSs are the most abundant products of this activity. They are brighter and bluer than the main sequence (MS) turnoff (TO). They lie along an extension of the MS and they are known to be more massive than normal TO stars (Shara et al. 1997; Gilliland et al. 1998; De Marco et al. 2005) . Because of their mass, BSSs are invaluable probes of GC internal dynamics. In particular, it has recently shown that their radial distribution is a powerful tool to measure the cluster dynamical age (Ferraro et al. 2012) . Nevertheless, many basic questions about the formation mechanisms and the physical properties of these puzzling objects remain open. Two main scenarios have been proposed for their formation: they could form through mass transfer in a binary system that could lead to the complete coalescence of the two companions (MT-BSSs; McCrea 1964) or through stellar collisions (COL-BSSs; Hills & Day 1976) . Hydrodynamic simulations suggest different chemical patterns for BSSs formed through the two different mechanisms. In particular, MT-BSSs are expected to show C and O depletion (Sarna & De Greve 1996) whereas no chemical anomalies are predicted for COL-BSSs (Lombardi et al. 1995) . On the contrary, predictions about the BSS rotational velocity v e sin(i) are quite controversial. In fact, both MT-and COL-BSSs are expected to rotate fast (Benz & Hills 1987; Sarna & De Greve 1996) , but accurate simulations are lacking for MT-BSSs and braking mechanisms may intervene both for MT-and COLBSSs slowing down the initial BSS rotation, with timescales and efficiencies still unknown (Leonard & Livio 1995; Sills et al. 2005 ).
In addition to GCs, BSSs have been detected in a variety of low-density environments such as Galactic open clusters (Ahumada & Lapasset 1995) , dwarf spheroidal galaxies in the Local Group (Momany et al. 2007) , the Milky Way's bulge (Clarkson et al. 2011 ) and halo (Preston & Sneden 2000; Sneden et al. 2003; Carney et al. 2005) and, recently, also ultra-faint galaxies (Santana et al. 2013) . Despite less populous than GCs, these low-density systems contain a high percentage of BSSs. However, the low collisional rate in low-density environments implies a different origin for the BSSs in GCs and loose systems, where BSSs likely formed exclusively by MT.
In this framework, we started an observational campaign aimed at performing the first systematic study of the chemical and kinematical properties of BSSs in GCs and at studying their possible differences in MT-and COL-BSSs. Spectroscopic results by Ferraro et al. (2006) have observationally revealed the presence of a subpopulation of CO-depleted BSSs in 47 Tucanae and similarly Lovisi et al. (2013) identified 4 BSSs with O upper limits incompatible with the cluster O abundance in M30. In both cases, the amount of the observed C and O depletion is incompatible with that expected for second generation stars (predicted to be C and O poor) and cannot be interpreted in terms of self-enrichment processes. On the contrary, Lovisi et al. (2010) found no evidence of CO-depleted BSSs in M4, whereas no interpretation in terms of formation mechanism was possible for the BSSs studied by Lovisi et al. (2012) in NGC 6397, due to the occurrence of a diffusion process, called radiative levitation, that alters chemical abundances on the surfaces of stars with shallow or no-convective envelopes. Ferraro et al. (2006) identified only one fast rotating (v e sin(i) >50 km s −1 ) BSS in 47 Tucanae, corresponding to ∼2% of the studied population. A similar fraction of fast rotating BSSs has been also found by Lovisi et al. (2012) and Lovisi et al. (2013) (respectively ∼5% and ∼6%) . Surprisingly, Lovisi et al. (2010) found that 40% of the studied BSS population in M4 rotate faster than 50 km s −1 .
In this work, we discuss the properties of a BSS sample in NGC 6752. The paper is structured as follows: the observations are described in Sect. 2. The determination of stellar radial velocities and cluster membership are discussed in Sect. 3. The estimate of atmospheric parameters is described in Sect. 4. The measured rotational velocities are presented in Sect. 5. Sect. 6 describes methods and results of the chemical abundance analysis for our sample. Finally our conclusions are drawn in Sect. 7.
Observations
This work is based on the analysis of spectra of individual stars in NGC 6752, obtained with the multi-object facility FLAMES (Pasquini et al. 2002) mounted at the Unit Telescope 2 at the Very Large Telescope of the European Southern Observatory. Observations were performed during two different runs (081.D-0356 and 089.D-0298, hereafter P81 and P89, respectively) with the UVES+GIRAFFE combined mode, during the nights 2008 August 13-16 and 2012 July 4. Spectra have been acquired for 22 BSSs and 26 red giant branch (RGB) stars, most of them being observed in both P81 and P89. Four different setups have been used for the spectroscopic observations: HR5A (with spectral coverage 4340-4587Å and spectral resolution R=18470), HR15N (6470-6790Å, R=17000), HR18 (7468-7889Å, R=18400) and HR22A (8816-9565Å, R=11642), suitable to sample some metallic lines, the Hα line, the O I triplet at ≃ 7774Å and two C I lines at 9078.3 and 9111.8Å, respectively. Multiple exposures for each target have been secured according to the efficiency of the different setups, in particular 5 exposures with HR5A, 2 with HR15N and 4 with HR18 and HR22A have been obtained. The total exposure times amount to 3.75 hours for the HR5A, 1.5 hours for the HR15N and 3 hours for the HR18 and HR22A. The spectroscopic target selection has been performed from a photometric catalog obtained by combining ACS@HST data in V and I bands for the central regions and WFI@ESO observations in B and R bands for the external regions. Fig. 1 shows the CMDs for the ACS and WFI datasets, with the position of all the analyzed targets. The spectra pre-reduction has been performed by using the latest version of the GIRAFFE ESO pipeline (gasgano version 2.4.3
2 ), that includes bias subtraction, flat-field correction, wavelength calibration and one-dimensional spectra extraction. For each exposure we subtracted the corresponding master sky spectrum, obtained by averaging several spectra of sky regions. By combining the sky-subtracted exposures, we obtained median spectra with signal-to-noise ratios S/N≃ 30 − 120 for the selected BSSs, and S/N≃ 50 − 150 for the RGB stars.
Radial velocities

Cluster membership
In order to assess cluster membership for each target, radial velocities (RVs) have been measured with the IRAF task fxcor following the technique described by Tonry & Davis (1979) . Synthetic spectra calculated with the atmospheric parameters of the analyzed targets (see Sect. 4) and convolved with a Gaussian profile to reproduce the spectral resolution of the corresponding GIRAFFE setup, have been used as templates for the cross-correlation (see Sect. 5 for details about the computation of the synthetic spectra). Finally, the heliocentric correction has been applied to all the RVs. Tables 1 and 2 show the mean heliocentric RVs obtained as the average of values in P81 and P89. The mean radial velocity of the RGB stars is RV=−26.7±0.8 km s −1 (σ=4.0 km s −1 ) which is fully in agreement with previous results by Harris (1996, 2010 edition) and Carretta et al. (2009) . The derived RV distribution for the RGB stars is shown in Fig. 2 (main panel, empty histogram). The mean RV of the RGB stars has been assumed as the systemic velocity of NGC 6752 and used to infer cluster membership for BSSs: stars having RVs within 3σ from the systemic velocity value have been considered as members of the cluster. The mean radial velocity of the 22 observed BSSs is RV=−16.9±0.8 km s −1 (σ=40.5 km s −1 ) but the 3σ-rejection based on the results of the RGB stars leads to the identification of 4 BSSs (with RV=−92.8, −14.1, 97.2, 110.7 km s −1 ) as possible non-members. However, particular discussion deserves BSS13. This star has RV=−14.1 km s −1 so that it is within 3.5σ from the mean RV and it is located very close (23.8 ′′ ) to the cluster centre. Moreover, its iron content is fully in agreement with the mean cluster metallicity (see Sect. 6). By using Besançon Galactic model by Robin et al. (2003) 3 , we derived the metallicity distribution of field stars in the direction of NGC 6752, within the same magnitude and colour intervals shared by our BSS sample. We computed that the probability to observe a field star with an iron content similar to that of BSS13 ([Fe/H]= −1.43) is 1.4%. For this reason, we decided to consider BSS13 as cluster member and to include it in our sample.
As shown in the inset of Fig. 2 the systemic velocity of NGC 6752 is very similar to the peak of the RV distribution of field stars in the direction of the cluster (Robin et al. 2003) , so that the probability of field contamination among the BSSs is very high and the measure of radial velocities cannot totally guarantee the cluster membership. Therefore, in order to further constrain the membership of BSSs in our sample, we used proper motions: we performed a cross-correlation between our BSS sample and the catalog of Zloczewski et al. (2012) by using the software CataXcorr (P.Montegriffo, private communication). We found 9 BSSs in common. According to their proper motions, one BSS in our sample (with RV=−22.7 km s −1 , totally in agreement with the systemic velocity) certainly belongs to the field, one (namely BSS5) is a possible cluster member, whereas the remaining 7 stars (namely BSS1, BSS10, BSS11, BSS14, BSS15, BSS16 and BSS17) are likely members. After removing nonmember BSSs (large black dots in Fig. 1 ) from our sample, we are left with 18 BSSs that are likely cluster members (open circles in Fig. 1 ). The RV distribution for these stars is shown in Fig. 2 (grey shaded histogram). The mean value is RV=−25.5±0.9 km s −1 (σ=5.9 km s −1 ), in good agreement with the mean value inferred from the RGB stars.
In our sample we found 8 variable stars. In particular, BSS6, BSS10, BSS11 and BSS17 correspond to V21, V17, V12 and V7 studied by Kaluzny & Thompson (2009) . In particular, BSS11 and BSS17 are classified as SX-Phoenicis whereas BSS6 is likely a γ Dor type pulsator and BSS10 has been classified as a possible binary composed of a hot extreme-Horizontal Branch star (EHB) and a red companion on the basis of its location in the CMD. We have measured RV variation of ∼ 13 km s −1 and ∼ 5 km s −1 between P81 and P89 for BSS11 and BSS17, both classified as SX-Phoenicis. Moreover, for BSS11 we observe differences in the RV also between individual HR5A exposures (up to ∼ 25 km s −1 ). Given the duration of our exposures (45 minutes each), the variation of RV is in agreement with the period found by Kaluzny & Thompson (2009) for those SX-Phoenicis (∼ 85 and ∼ 59 minutes). However, we stress that the time sampling of our data set is not suitable to perform an accurate investigation of the radial velocity variability that can reveal possible binary stars. This does not rule out the possibility that some of the BSSs in our sample belong to binary systems.
The nature of BSS10
A further clarification should be done also for BSS10. Based on its position in the CMD, Kaluzny & Thompson (2009) suggested that this star could be an unresolved binary system formed by an EHB star and a red companion. As suggested by Ferraro et al. (1997 Ferraro et al. ( , 2004 , the optimal way to observe hot stars like BSSs and Horizontal Branch stars is at ultraviolet (UV) wavelengths. In fact, in this plane RGB stars (the brightest objects in the optical CMD) are faint and the identification of hot stars is very easy. Therefore, in order to investigate the possibility that BSS10 could be an unresolved binary system, we identified it in the UV WFPC2 catalog used by Sabbi et al. (2004) . According to its position in the UV plane (see Fig. 3 ) we can conclude that BSS10 is too faint to be an EHB, but it is instead one of the brightest BSSs in NGC 6752. We suggest that the variability observed in the light curve by Kaluzny & Thompson (2009) might be due to a BSS in a binary system with a low-mass MS companion.
Atmospheric parameters
Effective temperature (T ef f ) and surface gravity (log g) for all the observed targets have been derived comparing their position in the CMD with theoretical isochrones (with different ages) from the Padova database 4 (Bressan et al. 2012) . Given the stellar position in the CMD, each observed target has been orthogonally projected on the closest theoretical model, and T ef f and log g have been derived for each star. For the RGB stars, an isochrone of 12 Gyr, Z=0.0005 and α-enhanced chemical mixture has been superimposed on the CMD of NGC 6752, assuming a distance modulus (M-m) 0 = 13.18 and E(B-V)=0.04 (Ferraro et al. 1999) . For BSSs, isochrones with different ages (2-8 Gyrs, and assuming the same chemical composition, distance modulus and reddening values) have been used to sample the BSS region.
The atmospheric parameters for the BSS and RGB samples are listed in Tables 1 and  2 , respectively. Conservative errors in temperatures and gravities have been considered: 100 K and 0.2 dex both for BSSs and RGB stars. Concerning microturbulent velocity, the small number of metallic lines prevents us to derive spectroscopically this parameter. For this reason, we assumed 2.0 km s −1 and 1.5 km s −1 for BSS and RGB stars, respectively. We finally adopted a conservative error of 0.5 km s −1 for all the targets.
Rotational velocities
Rotational velocities have been derived for all the targets through a χ 2 minimization between the observed spectrum and a grid of synthetic spectra, computed for all stars by adopting the estimated atmospheric parameters and different rotational values. All the synthetic spectra have been computed by using the Kurucz's code SYNTHE (Kurucz 1993; Sbordone et al. 2004) , including the atomic data for all the lines from the most updated version of the Kurucz line list by F.Castelli 5 . Model atmospheres for the synthetic spectra have been calculated with ATLAS9 code (Kurucz 1993; Sbordone et al. 2004 ) under the assumptions of Local Thermodynamic Equilibrium (LTE) and plane-parallel geometry and adopting the new opacity distribution functions by Castelli & Kurucz (2003) , without the inclusion of the approximate overshooting (Castelli et al. 1997) . The most prominent features in the stellar spectra have been used to infer stellar rotations. In particular, for the RGB stars v e sin(i) values have been inferred from the Ba II at 4554.03Å whereas for BSSs from the Mg II line at 4481Å and the O I line at 7771.95Å. Typical uncertainties in the v e sin(i) measurement are of the order of few km s −1 .
The rotational velocity distribution thus obtained for BSSs is shown in Fig. 4 (upper panel) and it is compared with that of RGB stars (lower panel). Almost all RGB stars have v e sin(i) = 0 km s −1 , the largest value not exceeding 6 km s −1 (but with uncertainties that make them compatible with v e sin(i) ∼ 0 − 1 km s −1 ). These results are in agreement with those usually observed for this kind of stars (see e.g. Carney et al. 2008; Cortés et al. 2009; Mucciarelli et al. 2011; Lovisi et al. 2013 ). On the contrary, the rotational velocity distribution of BSSs is much wider: some BSSs show the same average v e sin(i) of RGB stars but others have rotational velocities several times larger, up to the highest value of ∼ 38 km s −1 .
Finally, Fig. 5 (upper panel) shows the rotational velocity as a function of temperature for all the targets: for each temperature value high spread in v e sin(i) is observed.
Chemical abundances
Iron abundances have been measured for all BSSs and compared with those derived from the RGB stars. Oxygen abundances for BSSs have been derived from the O I triplet at ∼7774 A and carbon abundances from two C I lines at 9078.3 and 9111.8Å. No determination of O and C abundances is possible for RGB stars of our sample, since their temperatures are too low to detect O and C lines in the studied spectral ranges. Abundances for all the targets have been estimated with the code GALA (Mucciarelli et al. 2013a ) by using the measured equivalent widths (EWs) of the absorption lines. EWs for RGB stars have been measured with DAOSPEC (Stetson & Pancino 2008 ) whereas for BSSs we used our own FORTRAN procedure (Mucciarelli et al. 2011 ) that has the advantage to perform a Gaussian fit on a spectral window selected interactively, in order to optimize the line fitting procedure also for moderate rotating stars. The used reference solar abundances are from Grevesse & Sauval (1998) for Fe and C and from Caffau et al. (2011) for O.
Possible deviations from the LTE assumption have been taken into account. Non-LTE corrections for O abundances have been taken from Gratton et al. (1999) and Takeda (1997) for BSSs colder and hotter than 8000 K respectively, and corrections from Tomkin et al. (1992) have been used for C abundances. Conversely, no grid of non-LTE corrections are available in the literature for iron lines for the range of parameters typical of our BSSs. Based on the fact that non-LTE corrections for ionized elements in warm (A and F type) stars are negligible with respect to those for neutral elements, we obtained Fe abundances for the BSSs by using Fe II lines, whereas Fe I lines have been used for the RGB stars (for which the LTE approximation is still valid). Fe, C and O abundances for BSSs and RGB stars are listed in Table 1 
Discussion
Rotational velocities
Rotational velocities have been derived for the BSSs and compared with values obtained for the RGB stars. The BSS distribution is wider than the RGB one but no fast rotating (v e sin(i)>50 km s −1 ) BSSs have been found. In fact, apart from M4 (which is the most extreme case, Lovisi et al. 2010) where ∼ 40% of BSSs have been found rotating faster than 50 km s −1 , the other clusters studied so far (47 Tucanae Ferraro et al. 2006 , NGC 6397 Lovisi et al. 2012 , and M30 Lovisi et al. 2013 show a small fraction of fast rotating BSSs (∼2%, ∼5%, ∼6% respectively, that are also WUma or SX-Phoenicis stars). Assuming these low percentages, we should have found at most one fast rotating BSS. It is interesting to note that all the investigated clusters showing a small fraction of fast rotating BSSs are high density clusters, possibly dynamically evolved. In fact, all of them belong to the oldest groups of Family II or Family III in the dynamical classification proposed by Ferraro et al. (2012) . Indeed, NGC 6397 and M30 are post-core collapsed clusters and NGC 6752 is suspected to be in the post-core collapse bounce (Ferraro et al. 2003) . it is clear that these stars are also the hottest ones in our sample, with T ef f >8000 K. Lovisi et al. (2012) and Lovisi et al. (2013) observed the same behavior (the hottest BSSs were also the most metallic ones) in several BSSs of NGC 6397 and M30. These results have been interpreted in terms of the occurrence of radiative levitation in the shallow convective envelopes of BSSs. Radiative levitation is a diffusion process that occurs when radiative acceleration exceeds the gravitational one (Michaud et al. 1983 ): therefore, many chemical elements are pushed toward the stellar surface and the original chemical composition is altered (in particular, the iron-peak elements abundances are enhanced with respect to the original chemical composition). In this framework, we conclude that also BSS1, BSS2 and BSS10 in NGC 6752 suffer from radiative levitation. ) . Independently from the cluster metallicity, the BSS iron abundance systematically increases with T ef f up to more than 2 dex.
Carbon and Oxygen -Carbon and oxygen surface abundances can be used as tracers of mass transfer processes where the donor star is peeled down to regions where the CNOcycle occurred (Ferraro et al. 2006; Mucciarelli et al. 2013b) . In particular C and O depletion are expected for MT-BSSs (Sarna & De Greve 1996) whereas no chemical anomaly should appear on the COL-BSSs surface (Lombardi et al. 1995) . The first observational confirmation has been provided by Ferraro et al. (2006) that discovered 6 out 42 CO-depleted BSSs in 47 Tucanae. Moreover, Lovisi et al. (2013) identified 4 BSSs with O upper limits incompatible with the cluster O abundance in the GC M30. These stars lie along the BSS red sequence that has been interpreted by Ferraro et al. (2009) as the one formed by MT-BSSs, at odds with the blue one formed by COL-BSSs. On the contrary, no evidence of CO-depletion has been found in M4 (Lovisi et al. 2010 ) whereas in the case of NGC 6397 the occurrence of radiative levitation on the surface of almost all the BSSs in the sample, prevents the interpretation of O abundances in terms of BSS formation mechanisms (Lovisi et al. 2012 ).
C and O abundances for the BSSs not affected by radiative levitation in NGC 6752 are in agreement with those derived for dwarf stars (Carretta et al. 2005) . No CO-depleted BSSs have been identified in the studied sample. As suggested by Ferraro et al. (2006) the CO-depletion could be a transient phenomenon and "evolved" MT-BSSs might have restored their original chemical abundances. According to the percentage of CO-depleted BSSs in 47 Tucanae (14%), we could have expected 1-2 CO-depleted stars in NGC 6752. The lack of chemical anomalies in the studied sample might suggest that all the (investigated) BSSs in NGC 6752 may derive from stellar collisions, for which no chemical anomalies are expected. This features is again in agreement with the particular dynamical state proposed for NGC 6752 by Ferraro et al. (2003) . 
